To investigate the relationship between spectral characteristics of tobacco cultivars and their nitrogen use characters, four tobacco cultivars with different nitrogen use efficiency were used in a 15 N pot experiment. The result showed that, in the visible light range, the spectral reflectance was lower in higher nitrogen level (N2) than N1, while opposite in near infrared range. The spectral reflectance of K326 and HD were lower than ZY100 and NC89 in visible light range, which closely related to their higher chlorophyll content. Both the nitrogen utilization rate of basal fertilizer and topdressing fertilizer in HD and K326 were higher than that in ZY100 and NC89 under N1 and N2 levels. The basal fertilizer use efficiency was negatively correlated with ρ550, and significantly positively correlated with RVI (800, 550), DVI (800, 550) and NDVI (800, 550) both in N1 and N2 level. The top dressed fertilizer use efficiency was significantly positively correlated with RVI (800, 550), DVI (800, 550) and NDVI (800, 550) in N1 level. Therefore, spectral characteristics can be an important method for diagnosing tobacco nitrogen metabolism characteristics.
Introduction
Tobacco is an important economic crop in China, but also an important model plant in science research. In the tobacco production, in order to get higher yield and income, excessive application of nitrogen fertilizer occurred from time to time, which caused potential threat to field ecosystem. Therefore, how to improve the tobacco nitrogen use efficiency has become a hot topic in tobacco nutrition study. Some studies showed that, crop nitrogen use efficiency closely related to cultivars, nitrogen levels and soil conditions and so on [1] [2] [3] . In certain ecological conditions, tobacco nitrogen use efficiency have significant differences among different genotypes, which closely related to plant nitrogen metabolism and nitrogen uptake and use efficiency [4] [5] [6] .
In recent years, the use of remote sensing technique for real-time monitoring and plant nutrition diagnosis has become a hot topic in the application of remote sensing in agriculture. Hyperspectral technology, has some advantages such as wide spectrum range, high resolution, and large amount of data [7] . Through spectral changes monitoring, the relationship between spectra reflectance of crops and the leaf area index, aboveground biomass, chlorophyll content can be studied, which can provide basis for crop growth monitoring and yield estimation. [8] [9] [10] . Study showed that, crop nutrition condition closely related to spectral characteristics, and the crop spectra reflectance had significant differences under different nitrogen levels [11] [12] . The relationship between leaf nitrogen accumulation and ratio of near infrared and green band R 810 / R 560 was established, to monitor nitrogen nutrition of rice [13] . Tobacco nitrogen use efficiency have significant difference among different cultivars, however, the relationship between spectral characteristics and nitrogen utilization of different varieties was rarely reported. In this study, pot experiment was carried out to study the spectral characteristics of different nitrogen efficiency tobacco cultivars under different nitrogen levels and their relationship with nitrogen utilization, so as to provide theoretical basis for breeding and nutrient management.
2
Materials and Methods
Experimental Design
A 15 N tracer pot experiment was performed in the greenhouse of Zhengzhou Tobacco Research Institute of China National Tobacco Corporation, Zhenzhou, China, from April to August (growing season) in 2012. Four cultivars, K326, Zhongyan 100 (ZY100), Hongda (HD) and NC89 were employed in the experiment under two nitrogen levels, N1 (1.0 g pot -1 ) and N2 (3.0 g pot -1 ), respectively. Isotope fertilizer were ammonium nitrate 15 N double labeled (abundance of 10%) and 15 N potassium nitrate (abundance of 10%), which provided by Shanghai Research Institute of Chemical Industry. In ten pots, 15 N ammonium nitrate fertilizer were applied before transplanting, and common potassium nitrate fertilizer were top dressed. In other ten pots, the order of fertilizer was opposite. Seventy percent N, all P 2 O 5 and part of the K 2 O fertilizers were applied before transplanting. Other parts of the N and K 2 O was top dressed as potassium nitrate at the resettling growth stage. Each treatment had 20 pots, wherein each pot contained 15 kg soil.
Measure Items and Methods
At the vigorous growth stage (60 days after transplanting) and maturity stage (85 days after transplanting), the spectral characteristics was determined with ASD FieldSpec Hand-Held (AnalyticalSpectral Device，USA). Meanwhile, the tobacco plants were sampled for determination of dry weight and nitrogen content. The chlorophyll content was measured by the method as described by Porra et al [14] . The 15 N samples were analyzed by ZHT 2 O 2 mass spectrometer in Academy of Agriculture and Forestry of Hebei Province.
Data Analysis
Using Microsoft Excel 2010 and DPS (Data Processing System) for data processing and statistical analysis. RVI(λ1, λ2)=ρλ1/ρλ2; DVI(λ1, λ2)=|ρλ1-ρλ2|; NDVI(λ1, λ2)=|ρλ1-ρλ2|/(ρλ1+ρλ2); among them, ρ was reflectance, λ was wave length. Figure 1 showed the spectral reflectance of different tobacco cultivars in two nitrogen levels. In the visible light range, the chlorophyll absorption of visible light formed obvious "green peak" at 500-600nm. From 670-760nm, the spectral reflectance increased rapidly with the increasing wavelength, and formed high reflection platform in the near infrared range 780-1050 nm. Tobacco leaf spectral reflectance showed significant differences under different nitrogen levels. In the visible light range, the spectral reflectance was lower in higher nitrogen level (N2) than N1, while opposite in near infrared range. Compared among different cultivars, the spectral reflectance of K326 and HD were lower than ZY100 and NC89 in visible light range, which closely related to their higher chlorophyll content. In the near infrared range, the spectral reflectance of four cultivars showed the different order in N1 and N2, which showed the difference of response to nitrogen level among different cultivars. nitrogen from fertilizer under higher nitrogen level. Compared among different cultivars, the proportion of nitrogen accumulation from fertilizer of ZY100 was higher than other cultivars under both N1 and N2 levels. According to nitrogen accumulation amount, all the nitrogen from fertilizer, soil and total amount were higher in HD and K326 than that in ZY100 and NC89 under both N1and N2 levels. Table 1 . Nitrogen use efficiency of different tobacco cultivars TNUA: total nitrogen uptake amount; NUA: nitrogen uptake amount; NUR: nitrogen uptake ratio; NDFF: nitrogen derived from fertilizer; NDFBF: nitrogen derived from basal fertilizer; NDFTF: nitrogen derived from topdressing fertilizer; NDFS: nitrogen derived from soil.
Results and Analysis

Spectral Characteristics of Tobacco Cultivars with Different Nitrogen Efficiency
The nitrogen use efficiency was calculated by 15 N technique in different treatments ( Table 2) . Under N1 level, the utilization rate of basal fertilizer were 30.30%~43.90%, and topdressing fertilizer were 49.20%~66.30%; while under N2 level, that were 31.21%~39.99% and 46.55%~57.01%, respectively. The nitrogen utilization rate of topdressing fertilizer was significantly higher than that of basal fertilizer. Compared among different cultivars, both the nitrogen utilization rate of basal fertilizer and topdressing fertilizer aligned as HD and K326> ZY100 and NC89 under N1 and N2 levels.
Also it showed that, the nitrogen residual rate of topdressing fertilizer were lower than that in basal fertilizer. Compared among different cultivars, both the soil residual rate and loss rate were lower in HD, which may be related to the well root growth and higher nitrogen use efficiency in this cultivar. Table 2 . Nitrogen use efficiency of different tobacco cultivars
The Correlation Analysis between Vegetation Index and Nitrogen Metabolism Index
It showed that (Table 3) , the chlorophyll content was significantly negatively correlated with ρ550, and significantly positively correlated with RVI(800,550), DVI(800,550) and NDVI(800,550) in N1 level. The total nitrogen uptake amount was significantly negatively correlated with ρ550, and significantly positively correlated with RVI (800,550), DVI (800,550) and NDVI (800,550) in N2 level. The BFUE was negatively correlated with ρ550, and significantly positively correlated with RVI (800,550), DVI (800,550) and NDVI (800,550) both in N1 and N2 level. The TFUE was significantly positively correlated with RVI (800,550), DVI (800,550) and NDVI (800,550) in N1 level. 
Conclusion and Discussion
Tobacco leaf spectral reflectance showed significant differences under different nitrogen levels, which showed the difference of response to nitrogen level among different cultivars. Studies showed that the spectral reflectance closely related to chlorophyll content [15] [16] . In the visible light range, the tobacco cultivar with higher nitrogen use efficiency showed lower spectral reflectance, which closely related to their higher chlorophyll content. The canopy spectral characteristics under different nitrogen conditions were analyzed in previous studies [7, 11] . Tang et al [17] had illustrated that the spectral difference were clear for the canopy and leaves of rice under different nitrogen levels. In this study, the spectral reflectance in the visible light range was lower in higher nitrogen level, which consistent with previous studies. Some studies showed that crop nitrogen nutrition condition can determined using canopy spectral, however, the relationship between canopy spectral characteristics and plant nitrogen use was rarely reported. In this study, the basal fertilizer use efficiency was negatively correlated with ρ550, and significantly positively correlated with RVI (800, 550), DVI (800, 550) and NDVI (800, 550) both in N1 and N2 level. The topdressing fertilizer use efficiency was significantly positively correlated with RVI (800, 550), DVI (800, 550) and NDVI (800, 550) in N1 level. Therefore, spectral characteristics can be an important method for diagnosing tobacco nitrogen metabolism characteristics. 
